Dairy food consumption is important for children as it contributes to the intake of key nutrients, especially calcium. The aim of the present paper is to provide an overview of dairy products consumption for French children, according to age, sex and type of dairy products. Adequacy of dairy and calcium intakes in line with French national guidelines "3 portions of dairy products per day" were also evaluated. Data were extracted and analyzed from the CCAF-Comportementet Consommations Alimentairesen France-study. Seven-day questionnaires were administered to freeliving individuals from autumn 2009 to summer 2010. Subjects were children (n = 1171) aged 3 -17 years. Dairy products contributed substantially to the intake of calcium, phosphorus, potassium, zinc, vitamin B2 and vitamin B12. A general decrease in DP consumption has been observed since 2003. This is most notably due to a lower milk intake which is not compensated by increased cheese or fresh dairy products. Most of children (67%), and up to 73% of adolescents (15 -17 y), did not reach the recommended "3 servings of dairy products per day". Twenty percent of children from the age of 6 and nearly 2/3 of female adolescents did not reach their estimated average requirement for calcium. The overview of French dairy food consumption during childhood, of particular Public Health concern, emphasizes the need to encourage dairy consumption and particularly milk consumption at breakfast in order to maintain a nutrient adequacy in children and adolescents.
Introduction
Intake of high-calcium content foods is considered to be the most important lifestyle factor (in addition to exercise) for bone growth and development, as well as for the prevention of osteoporosis [1] - [3] . Adequate calcium intake throughout childhood and adolescence is needed to achieve maximum peak bone mass in young adulthood, which is a major determinant of bone health [4] - [8] . Dairy products represent a valuable dietary source of calcium due to the high content and high absorptive rate [9] [10] . In addition, milk and other dairy foods are important sources of macronutrients and micronutrients in the diets of children and adolescents [11] , including protein, phosphorus and vitamin D which also contribute to bone health.
In France, the National Nutrition and Health Program ("Programme National Nutrition Santé" or PNNS) set up in 2001 aims to improve the health of the French population and reduce risk factors for chronic diseases through a focus on nutrition [11] . "Increase the calcium intake: reduce by 25% the population whose calcium intake falls below the recommended nutritional level" is still currently one of the nine high-priority nutritional objectives. In addition, "Improve calcium status in children and adolescents" is one of the ten specific nutritional objectives defined for specific population groups. Those targets are transposed into food-based dietary guidelines for the general population. Three to four portions of dairy products every day, as part of a healthy diet, are recommended in order to reach the average calcium requirements for children [11] .
Although the issue of adequate calcium intake during childhood is a public health priority, only few data dealing with dairy product consumption and calcium levels in line with national recommendations are available [12] . In 1999, a French survey on individual behavior and food consumption was carried out in a representative sample of the general population by the CREDOC (Centre de Recherche pour l'Etudeetl'Observation des Conditions de Vie). Such a survey targeting behavior and food consumption (Comportementset Consommations Alimentairesen France, CCAF study), conducted every three years since 1999 allows the establishment of an accurate monitoring of food groups consumption.
The present study was carried out to address the specific issue of dairy products intake in French children and adolescents from the CCAF 2010 survey, focusing on amounts, types and time of consumption. Dairy and calcium intakes in line with the French dietary guidelines "3 or 4 portions of DP per day" and average calcium requirement were also evaluated.
Subjects and Methods

Study Design
The results were extracted and analyzed from the national intake survey "Comportementset Consommations Alimentairesen France" (CCAF study) conducted by the CREDOC (Centre de Recherche pour l'Etude et l'Observation des Conditions de Vie), a non-profit governmental research organization whose goal is to track living conditions and which deals with food/beverage choices and intakes in France. The CCAF study was conducted in quota samples of the French population, both in children and adults. The details of participant recruitment and methods have been previously described [13] . A sample representative of the French population, accounting for 1171 children and adolescents aged 3 -17 years, was used.
Seven-day questionnaires were administered to free-living individuals between autumn 2009 and summer 2010, to record fluid and solid food intakes. Data were obtained either from the parents or from the children themselves. Food and portion reporting was made easier by the use of a photographic reference book showing various portions of the common food and beverage choices [14] . Food intake was converted to nutrients using data recorded, crossed with the 2008 version of the French nutritional food composition database created by the CIQUAL (Informatics Centre for Food Quality) [15] [16].
Measured Parameters
From a nutritional point of view, dairy products category includes milk and products derived from milk mainly yogurt, soft white cheese, dairy desserts and soft or hard cheeses-and excludes butter and cream, due to their different nutritional composition, which belong to the fats and oils category. Three categories of DP were considered: milk, fresh DP (defined as yogurts and fermented milk products, soft white cheese and dairy desserts [desserts containing more than 50% of milk in the recipe]) and cheese. The occasion of DP consumption was also investigated in the observed age range (3 -17 years).
As an inherent part of the CCAF study, nutrient intakes and more particularly contribution of DP to total intake of micronutrients such as calcium, iodine, phosphorus, potassium, magnesium, selenium and vitamins B2, B12 and D, were studied with a specific focus on calcium. The rationale was supported by 1) nutritional contribution of DP to these micronutrient intakes and 2) high priority in terms of public health. Cheese and milk consumed as ingredients (e.g. incorporated in ready-cooked meals, pizzas or sandwiches) were not taken into account in the evaluation of the nutrient contributions.
Finally, adequacy with the French dietary guidelines for DP, which is 3 -4 DP/d, was investigated. The proportion of children meeting (≥3 DP per day, [2.5; 4.5 portions]) or not meeting the recommendations (<3 DP per day, [0; 2.5 portions]) was evaluated, a portion being specified as 150 ml of milk, 30 g of cheese, 100 g of soft white cheese, 120 g of petit-suisse, 125 g of yogurt or fermented milk (according to the French National Nutrition and Health Survey ENNS 2006). Cheese and milk consumed as ingredients were taken into account in the evaluation of the portions. Moreover, the proportion of children with adequate dietary intake in each group was evaluated by estimating the percentage of those whose daily intake was above or equal to the Estimated Average Requirement (EAR, equivalent to 0.77 of the RDA). For example, EAR for calcium is 540 mg/day (RDA: 700 mg/day) for children aged 4 to 6, 700 mg/day (RDA: 900 mg/day) for children aged 7 to 9 and 925 mg/day (RDA: 1200 mg/day) from 10 to 19 years old [17] .
Statistical Analysis
The statistical procedures used in this study were the same as those previously used in the context of the CCAF study [13] . Statistical analysis was performed with the SAS 9.2 software (SAS Institute Inc., Cary, NC, USA).
The generalized ranking procedure was used to improve the quality of estimators for each sample. The statistical procedures included PROC FREQ to assess the effects of independent variables on qualitative effects. To investigate the effects on quantitative variables (such as intakes), the generalized linear model (PROC GLM) and Student's t-tests were used. Differences were considered significant at P < 0.05. The prevalence of the adequacy of intake compared with requirements was estimated by the proportion of individuals in which intake was below the Estimated Average Requirement (EAR). Nutrient adequacy (above or equal to EAR versus below EAR) was tested using a Chi2 test of independence. Table 1 and  Table 2 )
Results
DP Consumption among French Children and Adolescents (Figure 1,
The average daily DP consumption in the studied population was: 316.5 g. Girls consumed less DP than boys (P < 0.001). This pattern was true for both milk (181.1 g in girls vs. 208.8 g in boys; P < 0.01) and fresh dairy products (99.6 g in girls vs. 107.8 g in boys; P = 0.05), while cheese consumption was the same in both genders. Moreover, the overall analysis of the CCAF surveys carried out between 2003 and 2010 indicates a decline in dairy products consumption, more evident from 2003 to 2007; milk being primarily concerned with this change (data not shown).
Impact of Age
A decline in total dairy products was observed with age for both genders (Figure 1 , Table 1 and Table 2 ). This was mainly due to a marked drop in milk consumption in both girls (from 223.3 g in the 3 -5 y girls to 124.6 g in the 15 -17 y girls, Table 2 , P < 0.01) and boys (from 251.2 g at the age of 3 -5 y to 184.6 g in the 15 -17 y boys, Table 2 , P < 0.01). This pattern of milk consumption was not compensated by an increased intake of other types of DP (Figure 1) . Mean daily cheese consumption did not significantly vary with age or gender ( Table 1 and Table 2 ). Intake of fresh DP did not vary according to gender, but significantly decreased with age until 12 -14 y, particularly in girls (from 116.9 g/day in the 3 -5 y girls to 75.9 g in the 12 -14 y girls, P < 0.05, Table 2 ) and to a lesser extent in boys (P = 0.08, Table 1 ).
Time of Consumption
Milk intake mainly occurred at breakfast (83%) and afternoon snack (13%), while fresh DP and cheese were consumed during main meals (42% and 45% at lunch and 40% and 50% at dinner, respectively). * Difference between boys and girls, P < 0.05. At breakfast, milk was increasingly replaced by other drinks: 72% of the breakfast beverages were mainly milk in the 3 -11 y children, against 57% to that of age 12 -17 y. The other main beverages ingested at breakfast were fruit juices (22% and 29%) and hot beverages (2% and 8%) in the 3 -11 y and 12 -17 y children, respectively.
Contribution of DP to Calcium Intake and Calcium Status in French Children
(Age 3 -17 Years)
In the overall studied population (age 3 -17 y), DP substantially (first source) contributed to calcium intake (51%). The mean daily calcium consumption was 835.2 mg at the age of 3 -5 y (i.e. 59% of Ca intake), 863.8 mg between 6 -11 y (53%) and 900.6 mg in the 12 -17 y group (45%), respectively. The second source of calcium, albeit far lesser, was from sweets and pastries in both the 3 -5 y (10% of Ca intake) and 6 -11 years aged children (12%). In adolescents (12 -17 y), ready-cooked meals were the second source of calcium (15%).
Regarding the overall calcium status, 1/3 of children showed inadequate calcium intake (Figure 2) . The percentage of individuals below the EAR differed according to sex (P < 0.001) and age (P < 0.001). The proportion of children not meeting the EAR was higher in girls (42%) than in boys (32%), and higher in adolescents than in younger children. Almost 70% of French adolescent girls (12 -14 y) had a daily intake of calcium below the EAR.
More than 2/3 of the children did not achieve the "3 -4 portions of dairy products per day" (Figure 3 ). As early as 3 to 5 y, 53% of boys and 61% of girls did not follow the national dietary guidelines. Three-fourths of 9 y old adolescent girls did not reach the objective. Sixty-nine percent of boys and up to 77% of girls aged 15 -17 y ate less than 3 portions daily. Thus, a higher proportion of those individuals consuming less than three DP a day was observed in girls (64% of boys and 71% of girls, P < 0.05). 
Contribution of DP to Micronutrients Status in French Children (Age 3 -17 Years)
DP contributed substantially (as the first source) to the intake of iodine (39%), phosphorus (28%), potassium (20%) and, to a lesser extent, zinc (26%, 2 nd source), magnesium (17%, 3 rd source) and selenium (11%, 4 th source). Nevertheless, in young children (3 -5 years), DP were still the main source of magnesium (23%) and zinc (34%). Among DP, milk contributed the most to the intake of these nutrients (20% for iodine; 14% of the phosphorus and 13% of the potassium). In fact, 83%, 65% and 57% of the children showed adequate intakes of selenium, magnesium and zinc, respectively, while a high proportion consumed less than the EAR for iodine (41%; the average intake being even lower in girls and decreasing with age). With regard to water-soluble vitamins, DP were also significant contributors of vitamin B2 (36%) and vitamin B12 (25%, second source), milk being the main of these micronutrients. A high percentage of those children studied had adequate vitamin B2 and vitamin B12 intakes as less than 7% and 1% of them consumed less than the EAR, respectively.
The overall vitamin D intake in this population was 1.86 µg/d. Consequently, a huge percentage of children did not reach the EAR: 94% (ranging from 88% in 12 -17 y boys to 98% in 6 -8 y girls). Contribution of DP was estimated to reach 13%, behind meat/seafood/eggs (45%), ready-cooked meals (22%) and sweets and pastries (14%) groups. Among DP, fresh DP were the main contributors (6%).
Finally, DP were the second source of proteins (21%) after the meat/seafood/eggs group (33%).
Discussion
The present study is the first survey targeting DP consumption in French children and adolescents taking into account amounts, types of products, time of consumption, and adequacy of calcium intake with regard to French dietary guidelines and Estimated Average Requirement. The data were collected from a large dietary survey (2010 CCAF-CREDOC study) carried out between autumn 2009 and summer 2010, among a national and representative sample of 1171 children aged between 3 to 17 years. The results provide important insights into the current state of eating habits among children and adolescents in the French population. It clearly highlights a general decrease in DP consumption since 2003, most notably due to a lower milk intake and not compensated by increased cheese or fresh DP intake. In fact, there is evidence that milk consumption has fallen over the past 20 -25 years in many countries [12] [18] . Moreover, mean consumption of DP decreased with age, the decline in milk consumption starting from adolescence. Similarly, in Australian adolescents, mean dairy intake has been reported to move from 536 g/day to 464 g/day (P < 0.01), mostly due to a decrease in regular milk, although flavored milk consumption increased in boys [19] . In the present study, such a change can be presently explained by a higher number of milk non-consumers according to age (a 3-fold increase between younger and older, 30% of 15 -17 y adolescents being non-consumers of milk), but also due to a decline in breakfast consumption, a key time for milk intake in children. Indeed Hébel et al. recently showed hat from 2003 to 2007, the proportion of adolescents aged 13 -19 y eating 7 breakfasts per week fell from 79% to 54%, before rising slightly to 59% in 2010 [20] . As a matter of fact, decreased breakfast consumption in children and adolescents could lead to an overall decrease of foods normally consumed at this time, such as milk. Among those who continue to eat breakfast, it seems that milk has been increasingly replaced by other drinks such as fruit juices and hot beverages. According to 2010 HSBC survey college students who report eating breakfast daily have better eating habits regardless of their gender [21] .
The overall adequacy of DP consumption for the coverage of recommended intakes ("3 -4 portions of dairy foods per day, as part of a balanced diet") was also investigated. Actually, 2/3 of children consumed fewer than 3 DP per day. Such results are in line with the data from the HELENA study conducted in 3000 European adolescents, showing that adolescents consumed less than two-thirds of the recommended amount of DP [22] . Our results are also in, accordance with the French ENNS study performed in 2006 [23] . In the present survey, foods that contributed the most to dietary intake of calcium were DP (51%), including milk (26%). Consistently with data, INCA2 survey conducted in [2006] [2007] showed that DP and milk provided 53% and 25% (respectively) of the calcium consumed by French children [24] . Basically, DP have long been recognized as an excellent source of calcium due to their high mineral content and bioavailability as well as providing a high density of other synergistic nutrients [8] [25] [26] . Therefore, failure to follow guidelines for DP has a strong impact on covering the calcium requirement [27] - [30] . According to present results, the mean daily calcium intake remained stable with age (from 835 at 3 -5 y to 901 mg per day at 12 -17 y), although EAR increased from 540 mg (4 -6 y) to 925 mg per day (10 -19 y). As a consequence 1/5 of children aged 6 -8 y had a calcium intake below that of the EAR established for their age. This percentage increased with age was dramatically more noticeable in girls (up to 70% of the French adolescent girls have a daily intake of calcium below the EAR). Moreover, in a representative sample of the Spanish schoolchildren population, dairy products were the main calcium source (65%) and calcium intake was 860 mg per day (79% of the recommendations). Seventy-seven percent of the children had calcium intakes lower than recommended and 40% below of 67% of recommended intakes [31] . Albeit possible, the consumption of alternative sources of calcium-due to lower diversity, accessibility and convenience than dairy-makes the challenge of meeting the recommended intake harder. Indeed most individuals who avoid milk fail to adjust their diets in order to replace the nutrients found in milk [32] . Furthermore, daily milk could be displaced by soft drinks containing caffeine and phosphoric acids which may have additional and direct deleterious effects on health [2] .
There is a consensus on the role of calcium for normal growth and development and general bone health [2] [4]- [7] . Consequently, because dairy products represent the most valuable dietary source of calcium due to the high content, high absorptive rate and because they also contain other key nutrients including protein, phosphorus and secondarily vitamin D (in whole milk and fortified milk), they have been positively linked to bone health in various observational retrospective and intervention studies [2] .
Beyond calcium, DP group was the first source of iodine, phosphorus, potassium, and vitamin B2 in children aged 3 -17 years, and also contributes substantially to the intake of zinc, magnesium, selenium and vitamin B12. Thus adequate consumption of dairy products in line with food-based dietary guidelines could not only help meet nutritional requirements for calcium but also significantly improve the intake of minerals and trace elements, in particular for iodine, iodine deficiency being one of the objectives defined in the PNNS. This is consistent with previous studies conducted in other parts of Europe [12] - [29] . In the same way, according to the US NHANES survey [18] , milk was the primary contributor of calcium (52% -62%), phosphorus (37% -42%), magnesium (27% -28%), and potassium (32% -37%). Similar data have been reported in Australia as well [30] .
The data dealing with DP intake in French children are consistent with those from the INCA2 survey [24] . Nevertheless, methodologies used to investigate dietary intakes are, to some extent, imperfect, each having their own limitations. Incomplete reporting can occur for example due to subjects not remembering having consumed specific foods or beverages, inaccurately measuring or estimating portion sizes, or purposely failing to record specific items. Providing easy-to-use booklets with guidelines for appropriate methods for weighing and measuring foods and beverages, training subjects how to record, and providing resources for measuring can all help to increase accuracy. With this in mind, the intake data presented in this study were self-reported, either from the parents or from the children themselves, using seven-day questionnaires. Portion reporting was made easier by the use of a validated photographic book showing various portions of common food and beverage choices [14] .
Conclusions
This study shows that a high proportion of French children do not meet the national dietary guidelines for DP. This situation is particularly worrying at the ages when calcium intake is important for peak bone mass acquisition, especially for girls, a population with a high risk of osteoporosis in later life. Moreover, the food choices in childhood have a high probability of being carried through into adult life. Faced with this public health challenge, further efforts through educational initiatives are thus needed to promote DP consumption in French children and adolescents. A huge advantage of DP is their relatively low cost with regard to nutritional density, despite their low energy contribution [33] [34] . Encouraging milk intake at breakfast and consumption of other DP (fresh DP and cheese) at other mealtimes should continue to be a major focus of action in order to reach the recommended calcium intake, meet many nutrient requirements and improve overall diet quality.
• There is a general decrease in DP consumption since 2003, most notably due to a lower milk intake.
• Dairy and particularly milk are key contributors to ensure nutrient adequacy in children and adolescents.
• A high proportion of French children do not meet the national dietary guidelines for dairy products (3 -4 DP/day).
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